The human eye is programmed to achieve emmetropia in youth and to maintain emmetropia with advancing years. This is despite the changes in all eye dimensions during the period of growth and the continuing growth of the lens throughout life.
despite the changes in all eye dimensions during the period of growth and the continuing growth of the lens of the eye throughout life.
Studies have been made of the ocular components of refraction and how these change with age and with refractive state.
Developmental biologists have identified and studied the physiological mechanism of emmetropisation, by which the mainly ametropic neonatal eye is directed to develop emmetropia. Sufficient information is now to hand to give an overall view of the process of achieving and maintaining emmetropia.
Refraction and its components
Steiger, 1 whose monograph was published in The relationship between the power of the cornea and the axial length gives rise to a concept that has been called the 'inflatable globe' as discussed by Koretz et al. 11
As the globe becomes bigger, so the cornea becomes proportionately flatter. This would offer some automatic compensation for globe length in the healthy eye and ametropia is then explained by a non-proportionality of the globe. These concepts can be upheld today, but do not explain the leptokurtic distribution of refractive errors around emmetropia.
The excess of refractions near emmetropia ( Fig. 1 proportionality of the globe in the ametrope. This lack of proportionality is seen in the myope as a disproportionately long vitreous cavity.17
The power of the lens may have some relationship to the axial length of the eye. The lens power is less in the longer eye, and it had long been considered that the However, in more recent studies in which non cycloplegic near retinoscopy has been used, the results show less hypermetropia. The study by Gwiazda et al. 31 indicates approximate emmetropia at birth, reaching a hypermetropic maximum of about +0.75 D at the age of 5 years and thereafter declining to emmetropia by the age of 12 years. Cycloplegic studies have shown that hypermetropia declines steadily to a mean of about 1 D by the age of 14 years,23,27,29 after which the change is slow. The nearest approach to emmetropia is reached in the late twenties?9 The difference between the cycloplegic and non-cycloplegic studies is probably that the non-cycloplegic studies include an accommodative component. The decline in hypermetropia would appear to be brought about by the increasing axial length of the eye. The increase in axial length alone would produce an excessive shift towards myopia, but this is offset by the changes that the lens is undergoing at the same time, which reduce its power.
Growth of the lens in the child
The few studies that have addressed the growth of the lens in childhood (up to 20 years) show, by ultrasound32,33 and by slit-imaging34 ( The maintenance of emmetropia in adult life
Slataper's study,29 which was based on clinical material,
showed that the hypermetropia of the child declines to near emmetropia in the later twenties (Fig. 3) . Thereafter Growth of the adult lens: equatorial diameter
In the young child the lens grows rapidly in equatorial diameter35 during the period of rapid growth of the globe, but in the adult the lens grows more in width than in equatorial diameter.
Early studies of lens growth84,85 showed an increasing equatorial diameter in adult life, but more recent studies have shown there to be no increase. Willekens et al. 86 showed no change after the age of 30 years and Pierscionek87 found no change between 16 and 84 years.
Change in lens curvature with age
The surfaces of the lens have been shown to increase in curvature with age88,89 (Fig. 4) . These observations were made at a time when the relatively static nature of the equatorial diameter was not known, and it can now be seen that the observations of increasing width and increasing curvature are compatible with a static equatorial diameter.
The increase in curvature would be expected to produce an increase in effective lens power and thus a shift in vision towards myopia. In fact, the oppo�ite occurs and the healthy ageing eye progresses in the direction of hypermetropia.9o Slataper's29 refractive figures included subjects developing cataract and it The effect of the change in the difference between the nucleus and the cortex may be explained by regarding the cortex as a concavo-convex negative lens element and the nucleus as a biconvex positive element (Fig. 7) . In youth it appears that the nucleus has the higher Adult lens elements Child However, these sets of data were not from longitudinal studies, but compared the measurements derived from subjects of various ages living in Europe at that time.
During the first half of the twentieth century there had been an improvement in nutrition in Europe, which had produced increases in other body parameters such as height. Thus the findings of a large globe size in the younger subjects in 1957 and in 1971 has to be considered in this context. Other ultrasound studies77,78 have not shown increasing axial length with age and it is the first author's personal experience of lens implant subjects over the past 20 years that these individuals maintain better refractive stability than their phakic counterparts.
With the evidence presently available, it seems that any reduction in axial length that may occur with age is at the most only minimal and that the hypermetropic shift with age is essentially a human lens-based phenomenon.
Conclusion
Emmetropisation is the result of both passive and active processes. The passive process is that of proportional enlargement of the eye in the child. The proportional enlargement of the eye reduces the power of the dioptric system in proportion to the increasing axial length. The power of the cornea is reduced by lengthening of the radius of curvature. The power of the lens is reduced by lengthening radii of curvature and the effectivity of the lens is reduced by deepening of the anterior chamber.
Ametropia results when these changes are not proportional.
The active mechanism involves the feedback of image focus information from the retina and consequent adjustment of the axial length. This can be seen as a fine tuning process that complements the passive processes.
Active emmetropisation occurs in the very young child, but the eye remains malleable to environmental influences into young adult years.
Heredity determines the tendency to certain globe proportions, and environment appears to play a part in influencing the action of the active mechanism of emmetropisation.
The maintenance of emmetropia in the adult in spite of continuing lens growth and increasing lens curvature is due to the refractive index changes balancing the effect of the increased curvature. These changes may be due to the differences between nucleus and cortex or to gradient changes within the cortex. The exact mechanism is as yet obscure.
